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Abstract 
The applicability of the Acoustic Emission (AE) Technique to assess damage evolution in 
masonry is investigated. Therefore, a series of short-term creep tests and compressive tests is 
performed on masonry columns. The results from the deformation measurements and the AE 
monitoring during the stress increase steps and the constant stress intervals of the short-term 
creep tests are discussed. A good correlation between both types of measurements is found. 
In addition, the damage accumulation parameter, calculated from the AE results, shows a 
linear increase in function of the relative stress level. 
Résumé  
L’application de la technique de l’Emission Acoustique (AE) pour évaluer le 
développement des endommagements en maçonnerie est examinée. A ce titre, une série 
d’essais de compression et de fluage est exécutée. Lors de ces essais, les endommagements 
évolutifs sont mesurés avec la technique de l’Emission Acoustique et avec des LVDT (Linear 
Voltage Displacement Transducer). L’analyse démontre que les deux types de mesurage sont 
bien corrélés. En outre, le paramètre de l’endommagement évolutif, obtenu des résultats de 
AE, augmente proportionnellement avec le niveau de la contrainte exercée. 
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1 Introduction    
The Acoustic Emission (AE) technique is a widely applied non-destructive technique for 
the localization and evaluation of damage onset and growth in material research. Typical 
fields of application involve damage assessment in materials and compounds during 
laboratory or on site testing. Within the civil engineering practice, the use of the acoustic 
emission technique is mainly focussed on damage and corrosion detection within concrete 
structures [1, 2]. Other applications include metals, composites, rocks and to a lesser extent 
masonry [3, 4]. 
The AE technique detects high frequency energy waves, which are emitted by the material 
itself when damage occurs. Consequently, different phases of the cracking process and 
different failure modes can be detected. When the arrival times of the AE waves at different 
sensors are combined with the wave propagation velocity inside the material, algorithms can 
be used to localise the emitting source. 
This paper discusses the applicability of the AE technique in order to assess damage 
accumulation in masonry. The use of AE monitoring in masonry structures is highly 
complicated, as attenuation and wave velocity are dependent on the heterogeneity of the 
    
   NDTCE’09, Non-Destructive Testing in Civil Engineering   
  Nantes, France, June 30th – July 3rd, 2009   
 
 
material (including the interface between bricks and mortar, but also cracks and cavities in 
existing structures). This makes source localization in masonry structures rather difficult.  
The AE technique has already proven to be a valuable technique to obtain qualitative data 
regarding the damage processes in a range of building materials, especially in concrete 
research. The question is often how to quantify this damage accumulation and translate it into 
levels of deterioration and appropriate conclusions on the action to be undertaken to guard the 
structures’ safety.  
In order to address these issues regarding damage assessment in masonry, a series of short-
term creep tests and compressive tests is performed on masonry columns. The results from 
the deformation measurements and the AE monitoring during the stress increase steps and 
during the constant stress intervals of the short-term creep tests are discussed in this paper.  
2 Test  set-up 
For the research program, masonry specimens with dimensions 19x19x60 cm (l*b*h) were 
constructed (figure 1). The columns were composed of 10 brick layers, with two bricks per 
layer and a mortar layer thickness of 1cm. The composition of the mortar was chosen to be 
representative for historical air-hardening lime mortar. A composition of 1 volume part of 
lime on 2.5 parts of sand was used (table 1). 
Table 1. Composition of the air-hardening lime mortar in weight ratio 
Average (st. dev.)  River sand (0/2)  Non-hydraulic lime  Water 
 (kg)  (kg)  (l) 
Composition of lime mortar  1  0.168 (0.001)  0.230 (0.003) 
 
Different mortar mixtures were prepared and for each mixture the above stated 
composition was used (small variations are indicated through the standard deviation between 
brackets). Relatively low-strength bricks were chosen, type Spanish red, with dimensions 
188*88*48 mm (module M50). All masonry specimens were stored at a temperature of 20 ± 
1 °C and a relative humidity of 65 ± 5 % for three months before testing. 
To investigate whether the time-dependent carbonation process would have an influence 
on the creep behaviour of the masonry, half of the number of specimens was subjected to 
accelerated carbonation (B-type masonry). The other half of the specimens were enabled to 
carbonate naturally and, consequently, were not fully carbonated at the time of testing (A-
type masonry). 
   
Figure 1.   Test specimens: masonry wallets with 
lime mortar, constructed for creep testing 
Figure 2.   Typical short-term 
creep test set-up 
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Short-term creep tests, also called accelerated creep tests, were performed to simulate the 
time-dependent deformation behaviour of the masonry specimens (figure 2). The results of 
six short-term creep tests (A-type specimens: A7-A8-A9 and B-type specimens: B7-B8-B9) 
will be discussed in this paper. The loading path which is followed during a short-term creep 
test is indicated in figure 3. This loading path is calculated in function of the compressive 
strength  fc of the A- or B-type masonry respectively. The compressive strength of the 
masonry is obtained from a series of compressive tests (table 2).  
During the short-term creep tests, both the deformations and acoustic emissions were 
monitored. The deformations were measured continuously using Linear Voltage 
Displacement Transducers (LVDT’s). One horizontal and one vertical LVDT were placed on 
each side of the specimen and the overall deformations were calculated as an average of all 
sides. The acoustic emissions were monitored with two sensors, one on each side of the 
specimen (figure 4). 
Table 2. Results of compressive tests  
# of test specimens  Compressive strength (MPa) 
 
 mean  stdev 
A-type masonry  3  2.538  0.240 
B-type masonry  3  3.730  0.102 
 
   
Figure 3.   Stress evolution during short-term 
creep test 
Figure 4.   Test set-up for short-term creep 
test: AE sensors and LVDT’s 
3  Specifications AE equipment 
The AE monitoring was performed with a Vallen AMS-3 and AMSY-5 system. The first 
system is a two channel set-up, whereas the AMSY-5 system has four channels. The AE 
sensors are attached to the masonry by means of a thin metal plate which is carefully glued on 
the surface. A vacuum grease is used as a couplant in between the sensor and the metal plate. 
The preamplifier gain is set to 34 dB and a threshold level of 34.5 dB is applied. The AE 
sensors have a frequency range of 250 - 700 kHz, with a resonance at 375 kHz. 
The average wave velocity inside the specimens is 800 m/s (120 m/s standard deviation) 
for the A-type masonry and 1057 m/s (180 m/s standard deviation) for the B-type masonry. 
The break of a pencil lead can be detected up to 30 cm from the sensor; again this distance 
depends on the lay-out of the bricks, the quality of the mortar-brick connection and the 
coherence of the masonry in general. These preliminary verifications indicate that the 
majority of the damage sources in the specimen can be monitored by placing two sensors in 
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the middle (as the height of the specimens is 60 cm). And the complexity of the material lay-
out and wave propagation makes source localization impracticable. 
4  AE during short term creep tests 
The results of two representative tests are presented in figures 5-6. The AE event rate is 
given in the left axis (in events/minute) and the total amount of AE events during the test is 
presented cumulatively on the right axis. The results of short term creep tests are always 
comparable in a qualitative way, but often the quantity of the measured AE events can not be 
compared. As can be noticed from figures 5-6, the general appearance of the graphs is the 
same, but the total amount of AE events at the end of the tests is not comparable. 
Figure 5.   AE results of short-term creep 
test on specimen A7 
Figure 6.   AE results of short-term creep test 
on specimen A8 
The damage accumulation during short-term creep testing is generally assessed by 
considering the increase of the strain rate during subsequent stress intervals [5]. The strain 
rates are calculated by taking the average value of the vertical strain measurement on each 
side of the specimen. These calculated values are not always consistent: the LVDT’s applied 
to monitor the strains can only perform a linear measurement and, secondly, the strain rates 
are very low, particularly in the beginning of the creep test, which can introduce rather high 
errors on the results. To investigate whether the acoustic emission monitoring shows a higher 
consistency in assessing the damage accumulation rate, a quantitative analysis was made of 
the AE data obtained during the successive stress steps of each short-term creep test. 
4.1. Response during stress increase steps 
As indicated in previous publications [4], usually a relation can be found between the 
axial, elastic strain during stress increase and the detected AE counts or AE events. This 
relation between the AE events and the axial strain is presented in figures 7 and 8 for A- and 
B- type masonry respectively. The results change very little when the AE counts are taken for 
the analysis. The AE events were divided by the total amount of events at the end of the 
short-term creep test, due to the difference in quantity between the tests, as remarked above. 
This way, different tests can be compared. The different groups of results, marked by three 
ellipses, are results from different amounts of stress increase (approx. 4-8-40 % of the 
compressive strength). The stress increase steps are larger in the beginning of the tests, as can 
also be observed from figure 3. The variation on the axial strains for each of the three 
different stress increase levels is qualitatively indicated by the height of the ellipse, the 
variation on the AE data by the width of the ellipse. The scatter on the strain data is slightly 
higher for the uncarbonated masonry. 
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Figure 7.   Relation between AE events and 
elastic, axial strain for A-type masonry 
Figure 8.   Relation between AE events and 
elastic, axial strain for B-type masonry 
4.2. Damage evolution during constant stress intervals 
The damage parameter D is calculated from the acoustic emission data as follows: 
) 1 (
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= ∆                ( 1 )  
With ∆AE the amount of AE events detected during a constant stress interval and ∆AEmin 
the minimum value of the detected AE events during one of the constant stress intervals. The 
damage parameter D evolves from D=0 (no creep damage) to D=1 (failure of the specimen). 
In function of the strains, the damage parameter is calculated according to the equation for 
a Maxwell dashpot [5]:   
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With ∆ε the strain increase during a constant stress interval, τ
M the relaxation time, E
M the 
elastic modulus of the Maxwell element and ∆t the duration of the constant stress interval. 
The evolution of the damage parameter in function of the relative stress level is presented 
in figures 9-12. The damage evolution obtained from the AE data is presented on the left 
figure and the damage obtained from the deformation measurements on the same test 
specimen on the right figure. The AE data appear to be at least as fit to describe the damage 
accumulation as the LVDT data. A linear relation is found between the damage parameter, 
calculated from the AE data and the relative stress levels (figures 9 and 11). 
   
Figure 9.   Damage evolution calculated 
from AE monitoring on specimen A8 
Figure 10.   Damage evolution calculated from 
deformation monitoring on specimen A8 
R² = 0.92  R² = 0.63
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Figure 11.   Damage evolution calculated 
from AE monitoring on specimen B7 
Figure 12.   Damage evolution calculated from 
deformation monitoring on specimen B7 
R² = 0.82 R² = 0.95 
5 Conclusions 
AE monitoring has been used during laboratory creep tests on masonry specimens. The 
AE data gave better insight in the behaviour of the specimens during the tests and could be 
used in order to quantify the elastic and creep deformations under constant and increasing 
stresses. 
As it was stated in the introduction, the link between damage detection and quantifying the 
deterioration rate is a complex issue, which will remain one of the main points of focus 
during present and future research, as well for creep damage in masonry as for other AE 
applications. 
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